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I. Introduction

In this report a study has been made of the induced currents on
a two-wire (parallel-cylinder) transmission line due to incident field
excitation, The baaic assumptions are that the wires are perfectly
conducting, parallel, infinitely long and that their radii at; very
small compared to the wavelength of the excitation. Thus, the induced
currents along the wires are oriented in the direction of the cylinder
axis of each wire, they are independent of the azimuthal angle around
each wire, and hence we may replace each wire by an equivalent filament.
Boundary conditions are applied at the wire surface so that wire thick-
ness is taken into account. Previous work related to this problem
included Schelkunoff's Laplace transform solution [1] and Marin's
transient solution {2] of the two-wire problem.

The formulation of the problem is effected by using the spectral
contept. The excitaticn field has been resolved into its Fourier
(spatial) components and the induced current has been expressed in terms
of a superposition integral. First, the case of plane wave excitation

has been treated. This led to a straight-forward solution of the integral

representation and a simple solution for the induced currents. Using
the results, the variations of the induced currents have been shown as
a function of the distance between the wires (while the ratio of the %
distance between the wires to the radius of the wire has been kept fixed).
Also, the variation of the currents has been shown as a function of the

radius of the wire (while the distance between the wires has been kept

fixed).

Special attention has been paid to the case of voltage source

excitation. In this case, by deforming the contour of integration in

the induced current formulation and applying Cauchy's theorem, one
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ohtains the solution in terms of the so-called leaky modes, the TEM mode,
and a continuous spectrum. The leaky modes are not proper solutions of
Maxwell’s equation and, in contrast to the discrete eigenmodes, which
exist in regions of finite extent bounded by irpermeable walls, do not
possess orthogonality and completeness properties, and therefore must

be supplemented by a continuous spectrum of characteristic mudes to permit
the representation of an arbitrary function. Nevertheless, despite

their physically unacceptable behavior in the entire domain, they can

be employed to obtain a convergent representation of the field solution

in cercain regions.

The preceding modal solution may be obtained via a straight-forward
approach using the general network parameters of the method of moments {3].
Solving for the zeros of the total impedance of the system leads as
expected to the same equation that determines the poles of the integrand
in the integral solution for the induced currents.

The influence of the electrical dimensions of the structure on the
induced currents and the relative importance of the higher modes are examined
by concrete numerical examples. By looking at the results, it can be
readily seen, as one can expect, that the attenuation constants of the
higher modes decrease as the distance between the wires is increased,

In contrast, the attenuation constants increase for fixed distance bet-
ween the wires as the radius is decreased. The magnitudes of the TEM
and the higher order modal currents have also been cowmpared at a fixed
point along the z axis. As one proceeds along the z axis, the higher
order modes are attenuated exponentially, while the TEM remains constant.

These studies apply particularly to problems involving high
frequency excitation, such that the wire separation is comparable to

or larger than a wavelength, in which cnse the usual TEM mode analysis

is inadequate.
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I1. Formulation of the Problem

Consider the prohlem of two perfectly conducting, parallel, thin,
infinitely long wires with radii a separated by a distance d. The 2-
directed induced currents on the wires are due to an incident field
excitation which may be either symmetric or antisymmetric as shown
in Figure 1. The symmetric excitution (which consists of two plane waves)
yields a magnetic wall at y = %. ~Similarly, the antisymmetric excitatien
yields an electric wall at y = %. An arbitrary plane wave can be
represented in terms of a sum of symmetric and antiasymmetric excitations.
We assume that 3 << 1 and % << 1, where ) is the wavelength. Thus, the
induced current is along the cylinder axis of each wire, and is independent
of the azimuthal angle around each wire.

The magnetic vector potential for this problem is given by (for
exp(jut) time convention)

A (xay,2) = 2¥(x,y,2) )

where

e-jk#éz + y2 + (z - z')2
+

¥, (x,y,z) = I 1, (2") +
- » * An¢§! +4;!7+ (z-~- z'}ir—

SR+ (s - 2+ (2 - 2")?
g de' (2)
&n;x + (y - d)2 + {z -2")

1(z) denotes the current along the wire, x,y,z, are the coordinates of

a field point in a rectangular coordinate system, z' is the coordinate
of a source point, k is the wavenumber, and the upper and lower signs
are for symmetric and antisymmetric excitations, respectively.

The Fourier transform of ¥(x,y,z) with respect to the cyllinder
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axis z is,

- F -3k 2

W:(X.Y,kz) = f Y, (x,v,2)e dz (3
and it may be given by,

T, (xy,k ) = —— T, (k) [u‘ ’(1\ oD Héz)(knp.,)] (%)

where f;(kz) is the transform of I+(z); kp the radial wavenumber is defined

as

k. = (k2 ~ ki)l/2 (5)

/2

and G (x +y )l = [x + (y - d)” ]I/—

(2)

The Hé is the Hankel function of the second kind of zero order, and

we have used the identity [4]

e-jkfpz + z2 1 7 ) jk7z :
B ey T J B o (k) e 7 dk, (®)
S 2 .‘

-ty

According to our assumption % << 1. Thercfore we can make the following

approximation
)y
/2 2 . a . -~
X+ (y - d) '2 2 Zmd(]-g'{-;’-—i) d (7
X 4+ =a d

.2 2 2
Using (7), (4) may be simplified for x° + y~ = a~ and we obtain,

22 2 iz P w ’(k Dl (8)

W+(X,Y’kz)
- x +y = a

The z-directed scattered field duc to the induced currents Ls obtained

from Y according to

2

E: (x,y,2) = jwc( + kz)Wi(x,y,Z) (9
+

The field can also be written as a function of ¥, the Fourier transform

5

U N —— ki
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of ¥, Using the inverse transform of (3), namely

T T

x

., 1 - j‘zz

&i(x,y,z) == J ?t(x,y,kz)e dkz (10)
-]

i and substituting (10) into (9) results in
| e )2
i

R T
LA

%’ ES (x - _1_ k - k: Y jkzz

| z, »Ys?) o f “'ﬁ:& Vi(x,y.kz)e dkz (11)
%. Hence, the transformed solution to the field is readily given by

L 2

¢! _E-S(xyk')-i—-k—i"i(xyk) (12)
érl z: LR z jwﬁ i. LB z

where Y is given, for the general case, by (4).

The total z-directed field, with the conducting cylinders present,

is the sum of the incident and scattered fields, that is,

E =E +E°
2, oz, 2,

For each cylinder the boundary condition Ez = 0 must be satisfied on the

cylinder surface. Without loss of generality, we can deal with the cylinder

centered at the origin. Thus, we obtain

E: (x,y,2) + E: (x,y,2) =0 (13)
+ +

x + yz - 82, -0 < z <

The transformed solution of the field should also satisfy (13), that is,
B (x,y,k) + B (x,y,k) =0 (14)
Z: z Zy 212, 2 2
X +y =a
where o i«
- z
Ei (x,y,k) = J Ei (x.¥,2)e Z 4z (15)
Zi_ z ”:.
‘and

E:(x,y,kz) is given by (12).

Using E: together with the approximate W+of (8) in (14) results in the
. +

SN e R e mm ., . ey . R 4 l
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following expression for the transformed current

R TR
I,(k) = Xty =a (16)

= 2,.(2) (2)
kplﬂo (kpl) t R (kpd)]

Applying straight-forward inverse transform on (16), one readily obtains

the current on the wire. We have,

_-i
« E. (x,y,k.) J
2, £ x2 + y2 = a? jkzz dk (17

2wE e
2..(2) (2)
L kp[uo (kpa) * HO (kpd)]

11(') = =

In case of an incident wave which is neither symmetric nor antisymmetric,

it may be represented as a superposition of symmetric and antisymmetric

incident waves as follows
Ej = Ei + E:
z z, % _

and the currents will be given then by

Il(z) = I+(z) +1_(2) (18)
for the wire centered at x = 0, vy = 0 and
[2(2) = 1(2) - 1_(») (19)
for the wire centerced at x = 0, y =d. From (17) we quote
=i
B (x,y.k,)
208, %o z xz + yz = a2 'ikzz
() = == 2,3 ) e o dk,
o k“[Ho (kpa) + H0 (kpd)]
E: (x,y.k,) J 2. 2 2 jk_z
kp[H0 (kpa) - Ho (kpd)]

-ty

B R :
¥ R
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Plane Wave Excitation

Figure 2 shows a plane wave incident upon the two-wire structure.

" uwi{m-m#@hmﬂm

The electric incident field has been divided into the sum,

inc inc inc
E T =E"+E (21)

The subscripts h and e denote H and E polarizations, respectively. H
modes are those for which E is parallel to the plane spanned by the z and k.
K represents a unir vector in the direction of propagation; the carat

represents a unit vector., E modes arethose for which E is normal to this

plane. Hence, we have

inc inc , Kx 2
E = I[E k x 2)] ———5 (22)
x 7|
inc _ _inc inc
LA @

Since we have already limited ourselves to a thin wire problem which can
be replaced with a filamentary model, the E-polarized component does

not contribute to the induced current. Therefore we will consider only

the H component. The last is given for the incident wave depicted in
Figure 2 by

Einc (%x,¥,2) = E (X cos 8 cos ¢ - § cos O sin ¢ +

=<h ¥ o o o ° o

2 atn 8 )e +j(kxo + kyoy + kzoz) (24)
(o)

where k , Xk , k , the axial wave numbers are
xo’ “yo' “zo

kxo = k sin 90 cos ¢0, ky° = gin 90 sin ¢°. and kzo = k cos 60, (25)

and 90, ¢o are, respectively, the polar and azimuthal angles of the
incident wave in spherical coordinates.
The z component of Einc may be represented as a sum of symetric

and antisymmetric incident waves as follows

E = E + E (26)
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where E:nc. the symmetric excitation, is given by
+

inc 1 J(kxox + kyoy + kzoz)
Ez+ (x,y,2) = 5 E8in 6 [e +
j[kxox + kyo(d -y) + kzoz]] 2n

i
and Eznc, the antisymmetric excitation, is jiven by

j(kxox + kyoy + kzoz)

i
E nc(x.y,z) 9-% Eo sin eote -

e

]
The transformed field is readily obtained by applying the Fourier

transform. We have

E:nc - Einc + E:nc (29)
+ -

where
- jk_x  jk vy jk (d - y)

- p o) yo yo .
Ez+(x,y,kz) ﬂEosin S [e +e ]s(kz— kzo) (30)
_ jk. x 3k y jr (d -y

- X0 yo© yo -
E, (x,7,k) = TE_sin 8 ¢ *° [e e 18Ck - k) (31)

where the § denotes theimpulse function. For x2 + y2 = az<< f,

(30) and (31) reduce, respectively, to,

jkyod
mE_sin 60(1 + e ) G(kz - kzo) (32)

n

E.'.'. (x:Yskz) 2 2 2

+ X +y =a

and
. jkyod

1] lk = - -
EZ- X,y z) xz . y2 .2 TE_sin eo(l e ) 6(kz kzo) (33)
substituting (32) and (33) in (18), (19) and (20) yields

Jk_d jk_d
I.(z) = 2E 1+e 70 + 1-e ¥ *
1 nk

@) ) ) ) €
o0 Ho (kpoa) + Ho (kpod) HO (kpoa) - Ho (kood)

(34)

10

Ik x + kyo(d - ¥) + k2] (28)
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For thc wire centered at x = 0, y = 0 and
Jk_d jk 4
l+e yo 1 - Y° zo

2 @ YY) (2), N
Ro (kpoa) +ao (kped) l'l° (kpon) -da ‘kpa'd-

2B
- o
12“) nk

(35)
for the wire centered at x = 0, y = d where kpo' the radial wave

2. k:o)”2 = k sin Bo and n denotes the characteristic
impedance of the medium given byn= (%)1/2.

number, is kpo = (k

Equations (34) and (35) reduce properly in some limiting cases.

T i -{kx
For eo il ¢° = 7 we deal with a plane wave, Ez = Eoe i . Taking

the limits kd + » and ka + 0, and using large argument and small argument

formulas for H((,z). we obtain v
I(z) = } —-ﬁm—o— (36)
wy n(ka)

which agrees with Harvington's result [5] for the total current

induced on a single thin wire due to identical excitation,

1
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Iv. Solution of the Superposition Integral in Terms of the TEM Mode and the
Leaky Modes

The integral representation for the current [Equation (17“ is re~-

written for convenience as

0 A T T AR . 2 L T

N jk:z
[ EGuxy) |, , e ® dk (37
e - X +y =a
where Ei (x,y.k )
z z 2 2 2
: . | 2uE > x° +y" = a
£, Gpxy) 1y 9 2 T T SN
X"+ y =a kC[H0 (k;oa) + Ho (kpd)]

The singularities of the integrand are two branch points at kz = +k,
On introducing a small loss perturbation one finds that for positive
values in the 2 direction (z > 0), the contour runs on the top sheet
of the kz plane along the real axis, below the branch point -k and above

+k. If the integrand in (37) does not have poles in the upper half

of the top sheet of the kz plane, it becomes possible to deform the
original path of integration, the real axis, from - to += , to a

new path ABCD as shown in Figure 3. The path ABCD may be modified by
letting it cross the branch cut twice, entering into the bottom sheet
in this process. The portion of the path in the lower sheet, namely
C', may now be deformed into a new path C", as shown in Figure 4, with
the purpose of improving the convergence of the integral [2, 6, 7]. In

the process of carrying out the last step, we cross the poles of the

integrand in (37). These poles are soluticns of the ¢ juation 1
n' AL - k2a) + u? A2 - i2a) = o (38)

Equation (38) corresponds to Equation (30) of Marin [2]. Lying in
the second quadrant of the kz plane, these poles are assoclated with

fields that decay as they propagate in the z direction. However, since

12
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thase poles balong to the bottom sheet of the k' plane, the fields
associated with them show a growth behavior in the transverse direction.
For this reason, these modes are referred to as the impropar, or leaky,
modes [7].

In this fashion, vhen deforming the contour no contribution will
ar;u_ from any scgment of the infinite cirele (A+ D) on the proper sheet
of the complex k plane. On applying Cauchy's gh@dféi; one has
I (2) = [teciduu of [fi € Gomy | 3 5 4 exp(jkzz)]

X +y = a

at the leaky poles when C' ia deforwed to C“.ﬂ

9 2exp(jkzz)dkl (39)

£, (k_,x,v)
L I E i X~ +y2.ma
B+ C
The first term in Equation (39) is the coatribution of the leaky

poles, and it may be rewritten as (Appendix Al)

=tine
B (xyyak ) 4 9 " 9
2 v !p* "+ - - . - jk ‘7.

I(e) = 4 X 2 ) e (2)‘1-—“—‘-1- ¢ P )

n ¥ Q@ R .
leaky pp k;p&[““1 (k_,a)t d“l (kppid)]

Ppt

are the consecutive roots of the equation

where k: - k’p+

(), 4T T QAT T .
B vk -k ) +RBAT S @ o

and will be referrcd to as even poles; kv = k?p are the consectuve

roots of the equation
; ‘ . y
w{® AL - Ea) - DA - -0

and will be referred to us odd poles, and

2 2 1/2
opt (- kzpt)

In the above equations we exclude, of course, those roots for which
Re(kz) < -~k or Re(kz) > 0 and Im (kz< 0. This series, in (40) ix often

the dominant contribution to the current of the wives [6].
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For negative values in the z direction (& ¢ 0), the contour
Yuns on the top shaet of the k' plane alorig the real axis, adove the
branch point -k and balow +k. 1If the integrand in (37) does not have
poles in the lower half of the top she«t of the k. plaue, then making
similar contour dofomciog\ in the lowar part of the k‘ plane, one crosres
the leaky poles, which are the roots of Equation (38) that lie in the
fourth quadrant and are the image of the previous poles. Hence for

2 < 0 we may apply (40) veplacing k by 'k:p:’

2pt

The second term is in fact the integral along a branch cut starting
at -k and parallel to the imaginary axis in the upper half of the kg
plane {8]. It results in the contribution of the branch point which,
for antisymmetric excitation, may be interpreted as the TEM

mode, represented by (Appendix A2)

I(2) = —5— FiNC (y,y,-k) e ke
'(TEM n l.n(%) . x4 y2 . a (41)

For symmetric excitation the branch point contribution is zero, The

other contribution is the branch cut contributicn, which is rather time~
consuming to evalyate, but ir neéligible [8}).
Hence, the currant induced in the case of an arbitrary incident

wave will be given by

() = 1(z) +1,.(2) + 1 (2) (42)
TEM leaky leaky

for the wire centered at x = 0, y = 0, and by
L) = -I_(2)+ 1. () =~ I(2) (43)
TEM leaky leaky
for the wire centered at x = 0, y = d, where I+(z) and I_(z) are given

leaky TEM
by Equation (40) and Equation (41), respectively.
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V. Voltage Source Excitation

Consider theidea) voltage generator centared at the origin as
depicted in Figure 5. The equivalent superposition of symmetric and
antisysmetric excitations is shown in Figure 6. For this case, the inci-

dent wave is given by (3]

2 2 2
vé(z) X +y =a
nhw: - (44)

v -0 elsevhere

where & denotes the impulse function. E:m in (44) may be cast intec the

fora
inc _ pine ine
Ez B‘+ + E'_
: vi/2 &(z) <2 & yz v a?
B ed vz e Aeo-alea (45)
+ l 0 elsewhere
4
vi2 &(z) x2 + y2 - ‘2
B0 =€ -v/2 §(x) 2+ (y - )2 = a (46)
- l 0 elsewhere
The tranformed field may te readily obtained and at x2 + y2 - az.
we have

—=inc - =inc =inc
El (X;Yokz) 2 2 2 [Ez (x:Yokz) + B'- (X:Y:kl)*xz . yz - az

X +y =a +
n
where
Ei:c(x.y,kz) 2aiaa’ vi2 (48)
B (x,y.k ) = v/2 (49)
z z x2 + y2 - a2
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Substituting Equations -(48) and (49) in Equations (41), (42) and (43),

we. obtain
i v =jkz +
Il(z) = m 7 e 1
a
k 2
2k, ¥ Ol
n [§3) ()
even al k a) + dn
TN op, zp+[ 1 ¢ », ) 1 (kpp+d)]
2 1k el
n (2) )
k. Kk [aH (k. a) - du (k)]
gg?es P zp_ 1 3 1 op
for the wire centered at x = 0, v = 0, and
I(2) = - ——i ¥ ik ¥
- n (n(%) -
Jk =
2‘1‘( Z N /‘P'Q'
n T &5 M 2y
gg gs kpp+kzp lqu (kpp a) - dnl (kpp )
+ -
jkzpz

2Jk, o

2)

n () )
p_ldu' (kpp_u) - iy (k“p-d)]

o ? k k
poles “pp_ 2

for the wire centered at x = 0, y = d.

20

(50)
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VI. The Modal Solution of the Prpblem ’'sing

Generalized Network Method

Equation (38), whose roots are the z-directed wave numbers. of the
higher-order leaky modes, may be obtained via straight-forward analvsis,
as follows. Consider the problem of the two wires, having induced
currents Il(z) and Iz(z), respectively. diue to an‘arbitfary {gpresq?d
field Ei produced by external sources. The currents Il(z) and Iz(zi
produce scattered fields Eil(z) and Ezz(z), respectively. These fields’
can be found in terms of the currents by the potential integral method
in a manner similar to that presented under "Formulation of the Problem."
We have,

s 2

N S ¢2)
El,Z (x:y’Z) jwe (azz)wl’z(XQY!z)

where

I,(z") —ﬂe-jkﬁ+ s - 2 (53)
z z
1 4yx" + y!7+ (z - 2")°

AT+ (v - -2t

) dz' (54)
Sty -t (22

wl(x,y,z) =

- ]
wz(x.y,Z) 12(z

g+——8 B8

At each cylinder the boundary condition Ez = 0 must be satisfied

on the surface. Hence, we obtain

2 2 2

Ei(xvy’z) + E: (x,y,2) + E: (%x,¥,2)
z 2 Xx +y =a, < 2 <<®

1

(55)

and

Ei(x’y’z) + E: (x,y,z) + E: (x,y,2) 2 2 2 = 0
z 1 2 x +(y-d) ~a", @<z <

(56)
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~ The t;anaformed solutions of the fields should also satisfy (55)
and (56), that is

=1 =] 8 '
E_(X,¥,k ) + E_ (x;y,k,) + E (x,y:k ) =0 (57)
2 A 2, "’ z x2 . y2 - a2 /

Ez(xs)'lkz) + _E—: (X.,Y.kz) + E:Z(st|kz) =0 (58)

1 X 4ty - d)2a g2
Substituting the appropriate transformations in a manner analogous to
that in "Formulation of the Problem,"” (57) and (58) may be cast in a

matrix form similar to that which occurs in the familiar method of

moments formulation [3]. We have

= (59)

212 %99 Iy Yy

where the elements of the matrix [2] are called "generalized impedances"

and are given by,

22 o
211 = E_AZ)TK_, u? AE - K, @), 2y = 2y
K2 - i2 (€0
%12 = ___4_(;,_‘_7.‘ Hc(f) (m d)
the elements of the veetor 7 are called "generalized currents' and are
given by
Jy= k), T, = T, (k) (61)

and the elements of the vector ¥ are called "generalized voltages" and
arce glven by

= -E (62)
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In order to determine the ﬁodal solution of the problem, which is
connected with the zeros of the total impedance of the system, we seek
for all possible source-free solutions of (59). Hence t:  appropriace

matrix equation is (59) with the right side zero; that is

= (63)
12 Zn Iy 0

Equation (63) will have a non-trivial solution provided that the determinant of

the impedance matrix is zero. That is

2 -2 =0 (64) 3

11 12 :?
which may be rewritten as

23 * 2 " 0 (63) 1%
Substituting (60) into (65) results in %

kz = tk (66)

et SR

which represents the TEM mode; and,

B AT e 1D ATl - o (67)

which is identical to (38). Once the proper values qf k, for which (63)

A

is satisfiled are found, the eigenvectors Jl’ J2 may be obtained by solving

(59) for each kz.

NSV SRS AP U UNPREE N E SR

YRR EPORRPRIPE ¥ CRRT R
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VII. Results and Conclusions

The case of plane wave excitation is shown in Figures 7-9.

The example treats an incident plane wave for which 8, the polar
angle is 45° and ¢0, the azimuthal angle is 45°. Figures 7-8 describe
the magnitude of the currents induced on the wires - Fqs. (35),(36) -
vs. the normalized distance between the wires, for a fixed ratio

d/a = 10. Note the oscill&tions, which reflect the changes that

occur in the mutual coupling between the wires as we vary the distance,
Figure 9 shows the magnitude of the currents induced on the wires

vs. the ratio d/a for a given distance between the wires d/) = 2,5.
One may observe that the currents decrease monotonically as the

ratio d/a is increased (i.e., the radius a/) is decreased).

The case of voltage source excitation is shown in Figures 10
through 20. Figures 10-13, show the variation of the imaginary part
of the normalized z-directed wave numbers, which are the normalized
attenuation constants in the z-direction, as a function of the normalizec
distance between the wires, for a given ratio d/a. We have depicted
only the two lowest even modes and the two lowest odd modes, and
we have chosen d/a = 10 and d/a = 100 for Figures 10-11, and Figures 12-13
respectively. By looking at the graphs one can readily see, as may
be expected, that for fixed d/a, the attenuation constants decrease
as the distance between the wires 1s increased. In contrast the
attenuation constants increase for fixed distance d/)A as the ratio
d/a is increased (i.e. when the radius, a/\, is decreased). This

fact 1s also demonstrated in Figure 14 which shows the variation of

24
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the g-directed normalized attenuation constants as & function of
th;.fatio d/a for the fixed distance between the wires, d/\ = 2,
The figure shows only the lowest even and odd modes.

Figures 15 and 16 describe, respectively, the variation
of the magnitude of the lowest even and odd modes, normalized to
the magnitude of the TEM mode as a function of the ratio d/a
while the distance d is kept constant. The values are given
at z = 0. It is important to remember that as we precede along the
z axis the higher order modes are attenuated exponmentially, while
the TEM mode remains constant. For instance, for d/A = 2.0 and

a/A = 0.04 (d/a=50) we have for the first even mode, which would have

lllevenl "
the lowest attenuation, at z = 0, I = 0.744. However, since for
|"teM] Jz =0 .

this case Im(kz)- Q*%lg, we would have at z = 5\ along the wires
I
! 1l evenl -0.895
—_—— = 0,744, e = 0.304 which is only 40% of its initial

|TteM] |z = 5)
value. Figures 17-18 and Figures 19-20 show, respectively, variation
of the magnitude of the lowest even and odd modes, normalized to the
magnitude of the TEM mode as a function of the normalized distance,
d/A, between the wires, when d/a is a parameter and we have chosen
to show for d/a = 10 and d/a = 100. The values are given at z = 0

and they are attenuated expenentially as one precedes along the a

axis.
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Appendix A
Al. The Contribution of a Leaky Pole

In this appendix the first term of Equation (39), namely Equation (40),
is evailuated. Figure Al which applies to this calculation is a more
detailed version of Figure 4.

The integral around the complex pole, as shown in Figure Al is given

Joe  =inc
= E (x,v,k.) 2 2,2 k= 3
Ip - { hi 2 - z“ Lx + Vv a e 4 dkz (M) % é
+ (k™ - kz) h}(kz) ? 3
GHI ﬁAg
where %E
= (2 w2 .f . (2,2 3 ” - é
h (k) = H OO (k" - ko a) 2 K % - k, d) (A2) -

Expanding ht(kz) in a Tavlor series around kz n-kzb4~one has,

\.h'ﬂw. el

- (1) Y o
h:(kz) ht(kz 1) + h (kzp_,) (kz "zpﬁ.) +
KM ) ‘ ;
——— .__.__L:._ - 1k n -1 n + 3
+ - (L kzpi) + 0 [(kz kzp4) ] p
(A3)
whe: [x] means terms of the order of x. Fur] k7 - kzp |+ 0 we may é
WL (€ h+(kz) explicitly as E
k

. 9 3
h, (k) -E HBAT -1l ul® ok - x ]7?—-4-—“ - k)
ttz zp' zl‘
zpt E
(A4)

)
In expression (A4) terms of the order of (ky - k7p+)’ have been omitted

and we assume that h(l)(kzpi) ¥ 0.
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Illustration of the contours in the l:z plane.
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Also, H{z) is the Hankel function of the second kind of first order, and

we have used the relation

A Dy o (D
i o (x) LN (x)

Using theftesidne theoren the integral in Equation (Al) results in the

residue at the simple pole k = kxpi‘ Thus we have,

—=inc
" . Ez (X-Yok‘p’ Lz +)2 . az
I -
P, m 7 2 ) 2), [T 3
- K5y Ky, (B ) AZ - GG a YAZ - k2
(A5)
where

o (By1/2
no= )

Substituting kppt (= ¢(2 - kip+) into (AS) one readily obtains Equation (40).
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A2. The Contributidn of the Branch Point

In this appendix the contribution of the branch point, namely

Equation (41), is evaluated.

The integral around the branch point, as shown in Figure Al, is

given by,
2we —ine
—— B (x,y.k )
CDE TR £ x2 +412 - a2 jkl.
T 2 AT s @ cor %
2 j 2
coE (K = k) [H(AKT -k a) ¢ HPNOAT - kg d))
(A6)
By changing the variable of integration to
ko= -k + ced® (A7)
where 6 varies from - %ﬂto %. we obtain
o v e ) (k- k) meed? (k- el (A8)
In the limit where € - 0 we have,
Einc (x,¥,k_) 2 2 2™ E:nc X, ¥,-kK) 2 2 2 (A9)
z z *x +y =a X +y =a
K2 - ki + 2keed® (A10)
A2 - k: + fke o3? (A11)
13
BBDAE -k a) 1 - j% on [1@7"——‘—] (A12)
— 5
uf,z)( 2o e s 32 on [-Y—-z-“-&—z-i——“—] (A13)

Substituting Equations (A9-Al3) in Equation (6), we obtain IEEF = 0 (Al4)

i.e., zero contribution for symmetrical excitation, and,

43

.
) 1

i ;
4

i

%zjw

ey

M e nd id o e 1 e

st et b o il it

$
|
%

¥ 1
AN ST T

el B

ot bt




m
7

é 28 B v | 2, 2, 2% Law ¥
3 X +y =a 2ke @ (Hi‘ Zn :)
g _3r
a 2
| et B gy |, e (A13)
H n &n(Q) X" +y =a
S where
. B2
ne
4 It is easily seen that Equation (Al15) can be written in the explict form,
: 1%5F w2 )7L B (x,y,-K) Al (A16)
: - o 2 2 2 2
¢ X +y =2
ﬁ Where zo -% fn (—i—) is the characteristic impedance of the two~-wire line
? as given by [9].
4
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A3, The Contribution of the Branch Cut

A eieie ]

In this appendix the contribution of the branch cut is evaluated.

In the bottom sheet we have,

where u varies from ¢ to R, one obtains,

2w 1nL
EF " 2 (x'\ uk )L 2 2 . az jk 2
Lot ENY S s e el
* (k” i 2 [H ( L a) + H k" = k. d)]

EF (=] 2
{A17)
By changing the variable of integraticn to
kz = <k + ju (Al18)

(A22)

2 2 . . 2 2 &
k™ - kT = (k+k)(k=Kk)D)=ju(@k - ju) = u” + juk = u™ (1 + %)
z z z u
(A1Y)
2 2 ){ 1/2 ﬁ'
vé; - k; = uyl + j- = u(l + —~) (A20)
u”
where
b= tan-l %
Taking the limit where ¢ =+ 0 and R > » Equation (Al7) results in
R 2we wine | ~1kz  -wu:
e Ez* (%,v.=k + ju) y ) 5 © Jkz o W
EF = lim _ X +yv = u . T jdu
= Wi e < B -
evo 1 o+ iaPna s )”- IV D e O YA ey
o 2
R+ u” u
(A21)
In the top sheet we have,
2(:'36 inc (x,y.k )
2 2 AL
IBC_ x+)L=n Y
+ FA
2
a -k w? (f( Za A2 o
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By changing thevariable of integration in the same way as Fquation

(A18) whers u varies from R to € , one obtains

2 2 2 X
2ol e ula e g (A23)
. 2 12
AT kf - a1 + 2pt/2 2 (A24)

u

-lk
vhere ¢ = tan a

Taking the limit where € + 0 and R + » equation (A22) results in

1 - |

€ 2§$ Einc (x,y,-k + ju) 2, 2.2 ke -z %

;m:g £u2 a+ j%) {“f,z)[-u(l + 52_)1/2 Jore “(()z)[_u(1 R g_)m 077 ) Jdu ;

M (A25)

etk et il i
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Appendix B
The Method for Finding the Roots of Equation (38)

A well known and proven method for finding the roots of equation
(38), is that of the steepest decent. 'qugzien (38) may be modified

using a real function ha -

bs in the following fashion,

- h

abs, (ky) = | hytk,) =0 (81)

where hi(kz) is given by Equation (A2) and kz the z-directed axial wave

number may be cast into the vector form

P
> z
k, = (B2)
. 53
z
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where Bz and 4, are the real and imaginary parts of kz, respectively.
The search by this method starts with inicial value izo for the

wave number vector. The normalized gradient of the absolute value of

ok M i

h4_(k7), obtained by differentiating (Bl):

Dhabs (kz) w

Sign (———565————)
z

V. = (B3)

ahabs+(kz)

Sign (———*a‘L————)

! o

: >
is measured and the vector kZ is altered, in accordance with the negative

il

et it AN B BT i
: mn

il B

of the value obtained. This procedure is repeated causing the value of

hwbq to be successively reduced and the iz vector to approach the root D
ABSy

of Equation (B1).

e st

For convenlence, the + and - subscripts will be omitted in the

following discussion., The method can be described by the relation

> >
K = kzk - [uk]Vk (B4)
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where

k

less than 10"6

k =k and
z 2

[uk] =

which is defined by

Sign (z) =

-

3h . (k)
Sign (——“‘:g 2y

oh . (k)

1 x>0

-1 x<0

3/4 + i/4 vt

and rate of convergence.

0 < Bz <k

48

-1

Thus, we are allowed to sea ch for the zeros within a

1
Vk

3/4 + 1/4 7l
k-1

0<a, <<k

at the location of a root.

-y

2
Yk

rectangular

The absolute value of the complex function Equation (Bl) is reduced to

(B7)

is the normalized gradient at a point in the kz plane corresponding to

uk =1

(B6)

is a matrix that together with an initial matrix[“o]control stability

This method is suitable for our purpose, since we are interested

only in leaky modes having the smallest attenuation in the z direction.

region of the second quadrant in the complex kz (= Bz + iaz) plane,
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The first two programs calculate the induced currents in the
case of a plane wave excitation. The first program varies the
distance betweén the wires d (in wavelengthg) while keeping the
ratio d/a coﬁstant. The second program varies the ratio d/a while"
keeping the distance between the wires constant. |

The f;llowing four programs find ﬁhe real and imaginary
parts of the wave numbers associated with higher order modes in

the case of volt excitation, and calculate the contribution of

[T v

PPN

each mode to the total current. The first program varies the distance

between the wires, while kgeping the ratio d/a constant, for the
even ieaky modes and the second carries it out for the odd leaky
modes. The third program varies the ratio d/a, while keeping the

distance between the wires conatant, for the even leaky modes and

i

the fourth carries it out for the odd modes.

[
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Program No. 1

LR L B N 2L R 2N 2% BN 2N 2N AR BN BN B B B RN AN B BE I BX AR 2K NI B RY I NN BN I N N N N R N N I A Y
THE FURFOSE OF THIS FROGRAM I8 TO CALCULATE THE
INDUCED CURRENTS IN THE CASE. OF A PLANE WAVE
EXCITATION, :

THE FPROGRAM VARIES THE DISTANCE BETWEEN THE WIRES-
"D~ (IN WAVELENGTHS) WHILE KEEPING THE RATIO “I/A"
CONSTANT ) .

LA 2N B A N 2N 2R BN B R BN BN B RE B B IR BN BT B BN R B RE NE BN BE NN R AN K 2K R BN 2K 2R 2K 2 2K 2R 2N BN 2N AN 2N 2N 2

COMPLEX KA'RDNyCOyCEYCUL

COMFLEX HOA»HOD» JOAY JOD s YOA, YOI
COMPLEX CU2

REAL KyIJOAIYOA,IJOD,IYOD

THE RATIO *D/A®

 M=100

WRITE(S5,50) M

FORMAT(//7/91Xy* /A IS ‘»T144///)
FI=3.1415%27

K=2 s %PT

THE VERTICAL AN AZIMUTHAL ANGLES OF THE
INCIDENT WAVE

- Q=FI/4

FY=F1/4

CINITIAL VALUE FOR THE DISTANCE-D

N=0,1

A=[/M

IF(D.GT.5.00) GO TO 20
WRITE (540> It
FORMAT(/s1Xy ‘00 18 ‘yF&H.4)
KA=KXKAKSIN(QIK(L.v0 )
KD=KA%XM

CALL CRBESO(KA »+.0A,Y0A)
CALL CRESO(KD »JODyYOW)
RJOA=REAL ( JOA)
TJ0A=ATMAG (JOA)
RYOA=REAL(YOQA)
IYQA=ATIMAG(YOA)
RJOD=REAL (.IOT)
LTJON=ATMAG (101
RYOD=REAL (YO
IYOI=ATMAG (YOI

THE RELATIVE CONTRIRUTTON OF THE EVEN AND O FaRTS
AND THE TOTAL CURRENT INBUCEU ON THE WIRES

HOA=CMPLX (RJOA+IYOA s TJOA-RYOA)
HOD=CMPLX(RJOD+IYOD ¥ LIOD~RYOT!)

CE=2,/377/K/SINCRYX (1HCEXF (O v 1 o YRRKIRGINCFY ) ) 2 04O HHOM
CO=2./377 /K/SINCRIXR (L=CEXF (O v  YVRRIFGINCEY YY)/ CHOA-HGT

CUi=CE+CO
ACUL=CARS (CU1)
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RAT=CABS(CE/CO)

WRITE(Sy30)ACULyRAT

FORMAT (1X» CURRENT 1 IS8’ »E15.8+/v1Xy’EVEN/ODD 1IS5’sE15.8
Cu2=CE-CO

ACU2=CABS(CU2)

WRITE(S,37)ACU2

FORMAT (1X» ‘CURRENT 2 1IS5/,E15.8)

RAT1=ACUl/ACU2 :

WRITE(S,38) RAT1

FORMAT(1X» ‘CURL1/CURZ IS‘9EL15:8r///)

CHANGING THE DISTANCE-D

D=0+0,1
GO TO 10
CONTINUE
STOP

END

THE SURROUTINE CRESO CALCULATES THE ZERO ORDER RESSEL
FUNCTIONS FOR A GIVEN INPUT VARIABLE Z

SUBROUTINE CRESO(ZsRSJOBSYO)

COMFLEX ZsBSJOIBSYO»YrWrFOyFOsCEXF

COMFLEX CCOSyCSINYCSQRT,CLOG»SPOSQ0yQ0O¥CSySN»SF1y8RL
FI=3,141593

A=CARS(Z)

BRSJO=(1.90,)

IF(A.EQ.Q,) GO TO 2

IF(A.GT.%.) GO TO 1

Y=ZKZ/9

BRSJO=1 s+ YXR(~2,24999974+YK(1,26546208+YK(~ 3163844
14YX(.04444794Y%(~,00394444+Y%.00021)))))

G0 TO 2

W=3./2
FO=,79788456+tWk(~,00000077+UX(~,0055274+Uk(~,00009512
1+URC 0013723 74WK (-, 000728054WX,00014476)))))
PO=,785398146+WK( 04146463274+ UWX(,00003954+WK(~, 00262573
1+WX (. 000541254WX (. 00029333 -WX . 00013558)3)))
BRSJO=FOXCCOS(Z~-F0)/CSART(Z)

CONTINUE

BSYO=(~1,E30+0)

IF(AEQ.0.) GO TO 3

IF(A.GT.3,) GO TO 4
BSYO=,63661977KCLOG( +SKZ) KES IO+, 36746691 +YK (60559364

14Y%(~,743503844Y% (. 253001174Y%(~,042612144Y% (. 00427916
2-Y%.,00024846)))))

GO TO 3

CONTINUE

BSYO=FOXCHSIN(Z~FO)/CSART(Z)

CONTINUE

RETURN

END
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Output Samples for Program No. 1l

n/a IS 10

D IS8 .1000

CURRENT 1 I8 0,62013944E-03
| : EVEN/ODD 1S 0.29726247E+01
l ' CURRENT 2 IS 0.892274682E~03

CUR1/CURZ IS 0,495007$1E+00
% oIS L2000
. CURRENT 1 I§ 0.71889397E-03
EVEN/ODD IS 0,20512333E+01
; . CURRENT 2 15 0,12857444E~02
! CURL/CURZ 1§ 0,55912665E+00
] D15 3000
CURRENT 1 IS 0.81891406E-03
EVEN/ODD IS 0,17458486E+01
CURRENT 2 I§ 0,1621%5614E-02
: CURL/CURZ I8 0.50501576E+00
I IS 4000
CURRENT 1 IS 0,95810231E~03
EVEN/ODD 1§ 0,15963233E401
CURRENT 2 IS 0,19070078E~02
CURL/CURZ 16 0.%0241131E+00
|
3 oIS 5000
3 CURRENT 1 I8 0.11598827E-02
% CUEN/DDD 1§ 0.14861194E+01 |
s CURRENT 2 IS 0.21185441E-02 ;
3 CUR1/CURZ I8 0.54749044E400 5
. D IS 6000 ;
| CURRENT 1 15 ¢, 14269433E~02 é
o EVEN/ODE 16 0,13361567E+01 ﬁ
- CURRENT 2 I8 0.21764565E-02 :
; CURL/CURD 16 0.65562683E400 !
a 53
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Program No. 2

P00 00000000000 ,00000000080000000000000000000
THE PURPOSE OF THIS PROGRAM IS TO CALCULATE THE
INDUCED CURRENTS IN THE CASE OF A PLANE WAVE
EXCITATION,

THE PROGRAM VARIES THE RATIO-*"D/A®»WHILE KEEPING
THE DYSTANCE BETWEEN THE WIRES-°D°® CONSTANT

IR N N N N R NN NN RN N
COMPLEX KA»KD»CO»CE»CU1

COMPLEX HOA»HOD»y JOA» JOD» YOA,YOD

COMPLEX Cu2

REAL KyIJOA»IYOA»IJODYIYOD

INITIAL VALUE FOR THE RATIO °*D/A*

M=10
FI=3,1415927
K=24kPI

THE VERTICAL AND AZIMUTHAL ANGLES OF THE
INCIDENT WAVE

Q=F1/4
FY=FI/4

THE DISTANCE BETWEEN THE WIRES

D=2.5

WRITE (5»40) D
FORMAT(/»1X» ‘D IS ‘»F6.4)
A=D/M

IF(M.GT.1000) GO TO 20
WRITE(S,50) M
FORMAT(//7/+1Xs’ D/A IS  ‘»14)
RA=KKAKSIN(QYK(1.20.4)
RD=KAXM

CALL CRESO(KA »JOAyYOA)
CALL CRESO(KD »Jon»YOL)
RJOA=REAL (JOA)
IJOA=AIMAG(JOA)

RYOA=REAL (YOA)
IYOA=AIMAG(YOA)

RJOD=REAL (JOD)
LJOD=AIMAG(JOD)

RYOD=REAL(YOL)
IYON=AIMAG(YOD)

HOA=CMPLX(RJOA+IYOAs IJOA-RYOA)
HOD=CMFLX (RJOD+IYOND, IJOD-RYON)

THE RELATIVE CONTRIBUTION OF THE EVEN AND ODD PARTS
AND THE TOTAL CURRENT INDUCED ON THE WIRES

CE=2,/377./K/SIN(RIX (14+CEXP( (0,21 )XKDRSINC(PY)) )/ (HOA+HOD)
CO=2, /377 /K/SINCQIX (1-CEXF((0.»1)RKDASINCFY) ) )/ (HOA-HOD)
CU1=CE+CO '
ACUL=CARS(CUL)
RAT=CABS (CE/CD)
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2
WRITE(5,30)ACUL»RAT 3
30 FORMAT(1X» ‘CURRENT 1 IS’ »E15.8+/»1X»EVEN/ODD I8’,E15.8 2
CU2=CE~CO ~ 3
ACU2=CARS (CU2) 3
i WRITE(Sy37)ACU2 H
L 37 FORMAT (1Xy /CURRENT 2 18‘/,E15.8) :
= RAT1=ACU1/ACU2 :
< WRITE(S5,38) RAT1 =
E o= 38 FORMAT (1X» ‘CURL1/CUR2 IS/»E15.80/77) g
:,“- C ‘
: E CHANGING THE RATIO *D/A° 3
L - M=M+1 :
o GO TO 10 ‘
S 20 CONTINUE S
=i STOP .3
‘- c END TR
‘g c THE SUBROUTINE CRESO CACULATES THE ZERO ORDER BESSEL
? C FUNCTIONS FOR A GIVEN INPUT VARIABLE Z.
3 c
- SUBROUTINE CRESO0(Z»RSJ0sBSYO)

4 COMPLEX Z»RSJOyRBSYQ»YrWrsFOYFOICEXP
: COMPLEX CCOSyCSIN'CSQRT»CLOG»SPOySN0»QO0»CS»SNYSPL»SQA
FI=3.141593

A=CARS(2)

REJO=(1,»0.)

IF(A.EQ.0,) GO TO 2

IF(A.GT.3,) G0 TO 1

Y=ZRZ/ D
REJO=1,+YK(-2.2499997+YX(1,2656208+YK(~,.3163844
1+Y%X(,04444794+Y%(~,.00324444Y%.00021)))))

GO TO 2 - b

1 W=3,/Z 5
FO=,79788456+Wk (-, 00000077+WK (-, 0055274 +Wk(~, 00009512 ¢

14U (. 001372374+Uk (-, 00072805+WK.00014476))))) 3
FO=,78539816+WK(,04146397+WK( . 00003954 +WK(~,00262573 E

14WX (. 000541 25+Wk ( . 00029333~Wk.00013558))))) i

RS JO=FOXCCOS (Z-F0) /CSQART (Z) i

2 CONTINUE i
REYO=(~1.E3050) k
IF(ALER.0.) GO TO 3 :
IF(A.GT.3.) GO TO 4 ;
RSYO=,63661977XCLOG( . SXZ)KBSJO+.36746691+YK(, 60559366 ;
14YX(~,743503844YR( ,25300117+YX(~,042612144YK( . 00427916 5
2-Y%,00024846))))) .

GO TO 3 E

4 CONTINUE b
KESYO=FOXCSIN(Z~F0) /CSART(Z) 9

3 CONTINUE E
RETURN 4

END :
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Output Sample for Program No. 2

D IS 2.5000

D/A IS 10

CURRENT 1 IS 0.4076648¢E-02
EVEN/CDD IS 0.16811102E+01
CURRENT 2 IS 0.28035670E-02
CUR1/CUR2 IS 0.14541007C101

/a IS 11

CURRENT 1 IS 0.38487985E-02
EVEN/OLD 18 0.185498998E401
CURRENT 2 IS &.20435033E-02
GURL/CURZ IH Q159133881E+01

D/A IS 12
CURRENT 1 18 C.3648010418 02
EVEN/DDD IS5 0.148254650L 101
CURRENT 2 15 0.23%a018730-02
GURL/CURZ I8 0.155340110401
L/a 1S i3
CURIENT 1 I8 G.30C0731AE~02
EVEN/GDR IO Q.139330536401 ,
CURRENT 2 IS5 0.22iG53i7E-Cy
SUTL/CURE XL O LUILTYSS70ELOL
{7
L/a IS 14 53
CURRENT 1 IS5 Ce33646419E-02
EVEN/QDL IS 0133733286401
CURRENT 2 15 0.21080G18E~02
CURL/CURZ 18 Gl 1G556137E4C1
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Program No. 3

[ R R NN N NN N N Y N Y N Y R NN NN NN NN

THE PURPOSES OF THIS PROGRAM ARE!

1) TO FIND THE REAL AND INAGINARY PARTS QF THE R-DIRECTED
AND Z-DIRECTED WAVE NUMBERS,»ASSOCIATED WITH THE HIGHER
ORDER EVEN LEAKY MODES IN THE CASE OF VOLY EXCITATION

2) EDRC2h$ULATE THE CONTRIBUTINN OF EACH MODE TO THE TOTAL

URR .
THE PROGRAM VARIES THME DISTANCE BETWEEN THE WIRES-

*D*-(IN WAVELENGTHS) WHILE KEEPING THE RATIO ‘“D/A*
CONSTANT

OB E P00 00000 0000000000000 000000000000 CIIOILE
COMMON KRyAAYM9BRyYAR

COMPLEX KRsKZPyKRP»RES

REAL IJOA »IJCDsIJIA»IJIDIIYOALIYOD»IV1A»IYVID

COMPLEX KRA»KRD» JOA» YOA» JOD» YODYHOA» HOD» J1A

COMPLEX Y1A»JiD»Y1DsGR1,GR2/H1A»H1D+F»GRAL1»GRA2
COMPLEX KRPA»KRPD

REAL KZ{(2)sKeRH
REAL GRAD(2)
REAL OGRAD(2)»CONC(2)

DEPARTURE FOINT FOR THE SEARCHING IN THE KZ PLANE

I=}1
BR=1.
AR=-2,

START SEARCHING FOR THE ROOTS IN THE KZ PLANE

IF (BR.GT.100) GO TO 8
WRITE (5.18) 1
FORMAT(.'//+1X» *THE INDEX OF THE MODE IS ‘»I2»//)
OGRAD(1)=0,
OGRADNN(2) =0,
CON(1)=0.50
CON(2)=0.50
N=2
FI=3, 1415927
K=2%P1
KH=RK X2 +ARKX2-BRX X2
BZ=SQRT(0.5X (KH+SART ( (KRHXX2+ (2XARXER) XX2))))
AZ=~ARXBR/BZ
KR=CHMPLX(BR»-AR)
KZ(1)=BZ
KZ(2)=AZ

THE RATIO *“D/A*

M=100

AA=1./M

WRITE (5219) N

FORMAT (1X»’ D/A ='3916 )
CALL FUNCT(NsKZyVAL»GRAD)

IF(VAL.LT,0.1E-5) GO TO 1

IF (GRAD(1)) 22y27,27

IF (OGRAD(1)) 23:24»24
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a0
90
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CON(1)=CONC1) /2,
KZ(1)=K2(¢1)+CONC1)
OGRAD(1)=GRADC1)

GO T0 31 .

IF (OGRAD(1)) 28,29,29
CONC1)=CONC1) /2
KZ(1)=KZ(1)-CON¢1)
OGRAD¢ 1)=GRAD(1)
CONTINUE

IF (GRADC2)) 32,37+37
IF (OGRAD(2)) 33,3434
CONC2)aCONC2) 72,
KZ(2)=KZ(2)+CONC2D)
OGRAD(2) =GRANC2)

60 TO 3

IF (OGRAD(2)) 38»39,39
CONC2)=CON(2) /2
KZ(2)=KZ(2)-CON(R)
OGRAD(2) =GRAD(2)

GO TO 3

CONT INUE

INITIAL VALUE FOR THE DISTANCE-I

D=0,1

A=D/M

IF(D.GT.S5.00) GO TO &0

BP=+RR/D

AP=+AR/D

KRF=CMPLX(RF»~AF)

KRFA=KRF®A

KRPR=KRPXRD

R=2%F1

KH=KXE2+APRKL-RP k%2

RZ=SQRT (0 . SR (KH+SART ( (KHRR24 (2RAPKEP ) ¥%2))))
AZ=~AFXRF/RZ

KZF=CMPLX(-RZrAZ)

WRITE (%:80) D

FORMAT(//»1Xy'D IS $/vF6.A)
WRITE(S.,90) KZP

FORMAT(/»1Xy 'REAL KZ IS $'9FP.4y’ IMAG KZ IS $‘»F9.4)
CALL CRES1(KRPArJ1A»Y1A)

CALL CRES1(KRFDyJ1D,Y1D)
RJ1A=REAL(J1A)

TJ1A=AIMAG(J1A)

RY1D=REALC(Y1D)

IY1D=AIMAGC(Y1D)

RJ1D=REAL (J1D)

Inn=AIMAG(JID)

RY1D=REAL (Y1)

IY1D=ATMAG(YLD)
H1A=CHPLX(RJ1A+IY1AyIJ1A-RY1A)
HiD=CMPLX(RJILDHIYID, +IJL1D-RYLD)

THE CONTRIBUTION OF THE LEAKY MODE
TO THE TOTAL CURRENT NORMALIZED TO THE
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CONTRIRUTION OF THE TEM MODE

RES=4,/377.,

RES= RESX(0»1)XK/KRP/KZP/(AXHIA+DXHID)
ARS=CARS(RES)

T=M

RAT=ARERIZ?7 + RALOG(T) /PI

WRITE(S»40) ARS

FORMAT(/»1X»’THE CURRENT IS !’H»E135.8)
WRITE(Sr41) RAT

FORMAT(/91Xy ‘CUR/TEM IS/ H»E1S.8)

CHANGING THE DRISTANCE-D

D=D+0.1
G0 TO 20
CONTINUE

CHANGING THE DEPARTURE FOINT IN ORDER TO
START THE SEARCHING FOR THE CONSECUTIVE ROOT

I=1+1
BR=BR+5
GO TO 9
CONTINUE
STOR

END

THE SUBROUTINE CRESO CALCULATES THE ZERO ORDER BESSEL
FUNCTIONS FOR A GIVEN INPUT VARIABLE Z

SURROUTINE CRESO(Z»RSJOIREYQ)

COMFLEX Z»BRSJOYyRSYO» Y WyFO»FOsCEXP

COMPLEX CCOS»CSINYCSART»CLGBYSFOySROYROCSy»SNySF1,8Q1
PI=3,141593

A=CARS(Z)

REJO=(14904)

IFCAJEQ.O.) GO TO 2

IF(AWGT3.) GO TO 1

YuZRZ/P

REJO=1 o +YR(~2,2499997+YX(1.,2656208+ Yk (~ . 3143844
14YX (4 04444794Y% (-, 00394444Y%.00021)))))

GO TO 2

W=3, /2

FQ=,7978L4% 64+UX (~, 00000077 +Wk (-, 0055274 +Wk(-. 00007512
LHUKC L 00172374k (-, 00072805+Wk . 00014476)))))

FO=, 7853981 44WX (. 04146397+WX (. 00003954+WR(~, 00262572
1HWRC. 000541 25+WK (L 00029333~k . 00013558))))) ‘
RSJO=FOXCCOS(Z~F0)/CBART(Z)

GCONTINUE

REYQ=(~1.,E30s0)

ITFC(ALER.QV) GO TO 3

TF(A.GT 3 GO TO 4
RSYO=,63661977RCLOGCSKZ) KRSIO+ 36746691 +YR( . 60559366
THYR(~ 7435023844 YK (. 253001174V R (-, 042612144Y%(, 00427916
2-YK . 000248446)))))
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GO TO 3

CONTINUE
ESYO=FORCEIN(Z-FO)Z7CSART(2Z)
CONY TNUE

RETURN

END

THE. SURROUTINE CRES1 CALCULATES THE FIRST ORDER RESSEL
FUNCTIONS FOR A GIVEN INPUT VARIABLE Z

SUBROUTINE CRES1(ZyBSJL»REYL)

COMPLEX ZsRSJLIREYLs Y+ UWrFLyF1,CEXP

COMPLEX CCOSYyCHART,CLOGYCSINYSFL8QLQY FvCSDSNvSPQUSG”
PFI=3,141%93

A=LARK(Z)

BROAL=0,

IFCAVEQ.Q.) GO TO 2

IF(ALGTW34) GO TO 1

Y=ZR2Z/9D

BOJ1=Zu¢ . S+YR(- 562499854+ YR( 210935734+ YK(~, 0395 289
L+YRC, 0044331924V R(~,000317614+Y%X,0000110%9))))))

GO 10 2

3./2

F M.79798456+N*(000000156+H*(o016596b7fu*(000017105
LHWR (=, 00242511 4+WR (., 00113453 ~Wk,00020033)))))
F1=2,356194494+WX (-, 12499261 24UX(~,00005650+UX (. 00637879
1HWR(~,000743484+UWR (-, 00079824+Wk . 0002914646)))))
REJ1=FIRCCOS(Z-P1)/CSART(Z)

CONTINUE

BSY1=(~1.E30+0)

IF(ALER.OV) GO TO 3

IF(A.GT.3.) GO TO 4

BREYL1=(~ 463661977+ YR( 22120914V R(2,14682709+Y%(~1,31464827
1+YRC, 3123951 4Y% (-, 04009764+ YR.0027873))))))/2
24 +63661977%CLOGC . SRZIRBRSI]

GO TO 3

BREY1=F1RCSINC(Z-P1)/CSQRT(2)

CONTINUE

RETURN

END

THE SURROUTINE FUNCT CALCULATES FOR EACH VECTOR KZ
THE VALUE OF THE FUNGCTIONAL WHICH WE TRY
TO MINIMIZE AND ITS GRADIENT

SUBROUTINE FUNCT(NrKZsVAL»GRAD)
COMMON KRrAArMrRR»AR

DIMENSION GRAD()

REAL RZ(2)yKyKH

REAL IJOA »IJOD»IJ1AYIJIDYIYOAYIYODsIY1iA,IYID
COMPLEX KRyRKRAsKRD»JOA»YOA» JORy YOD»HOAYHOD» J1A
COMFLEX Y1A»JIDs»Y1iDsGR1,GR2sH1A»HIDyFrGRAL»GRA2
RZ=KZ (1)
AZ=KZ(2)
PI=3,1415927
K=2%F1
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RH=KXX2+AZKK2-BZXK2
ER=SQRT (0. SK(KH+SGRT((KH**2+(”*AZ*B’)**2))))

" AR=-AZXRZ/BR

RR=CMFLX(BR»~AR)
KRA=KRXAA

- KRD=KRAXM
- CALL CBESO(KRA»JOArYOA)

CALL CBESO(KRIYy JODyYOD)
RJOA=REAL ( JOA)

- TJOA=ATMAG(JOA)

KYOA=REAL (YOA)

IYOA=ATMAG(YOH)

RJOD=REAL (JOT)

1JOD=AIMAG(.JOD)

RYOD=REAL (YOI

IYOI=AIMAG(YOL) ,
HOA=CMFL X (RJOA+IYOAy IJOA-RYOA)
HOD=CMPLX (RJOD+IYODy IJON-RYOL)
F=HOA+HOI!

VAL=CAHKS (F)

VAL=UAL XK

CALL CHES1(KRAyJ1AyY1A)

CALL CRES1(KRI»J1DyY1D)
RJ1A=REAL (J1A)

TJL1A=ATMAG(J1A)

RY1T=REAL (Y11

TY1I=ATMAG(Y 1L

R4 D=REAL (J1 1)

TJiD=ATMAG (110

RY1D0=REAL (Y1)

IY1I=ATMAG (Y1)

H1A=CHMPLX (RJ1A+IY1Ay IJ1A-RY1A)
H1D=CMPLX (RJIDHIYLDy +1J1D-RY1ID
DR1=~HLAK (~CMFLX (BZ s ~AZ) KAA/KK)
GR1=GR1~H1IK-CMPLX (BZ y ~AZ ) KAAKM/KR)
GR2=GR1K (040 v -1 4 0)
GRAL=GR1KCONIG (F ) +CONJG(GR1) XF
BRAZ=GR2KCONJG (F) +CONJIG (GR2) XF
GRAL (1) =REAL (GRAL)
GRAIN(2) =REAL (GRAD)

RETUR:

ENI
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Output Sample for Program No. 3
D/a = 10

D IS ¢ .1000
REAL KZ IS ¢ -11.9813 IMAG KZ IS ¢ 32.204%
THE CURRENT IS ! 0.40988245E-03

CUR/TEM IS: 0.11325743E+00

D IS : .2000

REAL KZ IS ¢ -6.3111 IMAG RZ IS ¢ 15.2847

THE CURRENT I$ ! 0.85170465E-03

CUR/TEM I8! 0.23534023E+00

ikl lobis it e

el

T

b IS ¢ ,3000

REAL KZ IS ¢ -4.63224 IMAG KZ I8 3 ?.2551

LRy mu:ﬁum

o s kR i b5 8

THE CURRENT IS : 0.13608340E~02

CUR/TEM IS!: 0.37602118E+00

| bR

D I5 : .4000

REAL KZ IS ¢ -4.0584 IMAG KZ IS S5.9422

e

THE CURRENT IS : 0.19572516E-02 B

il

CUR/TEM IS: 0.54082134E+00

D I8 : 5000

F

oo

REAL KZ IS ¢ ~4.,0681 IMAG KZ IS 3.7940
THE CURRENT IS ¢! 0.25318%40E-02

CUR/TEM I8! 0.4699460463E+00

niIs : .46000

REAL KZ IS ¢ -4.4116 IMAG KZ IS ¢ 2.4296
THE CURRENT IS ! 0.27964980E-02

CUR/TEM IS? 0.77271914E4+00
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Program No. 4

I AR E R R EE N E NN NN ENEE R NENNENN R NNNNE NN RN N NE NN RN EE N NN RN NN NN

THE PURPOSES OF THIS PROGRAM ARE:

1) TO FIND THE REAL AND IMAGINARY PARTS OF THE R-DIRECTED -
AND Z-DIRECTED WAVE NUMBERS,ASSOCIATED WITH THE HIGHER -
ORDER ODD LEAKY MODES IN THE CASE OF VOLT EXCITATION

2) ESRCQLCULATE THE CONTRIBU/ION OF EACH MODE TO THE TOTAL

RENT » B

THE PROGRAM VARIES THE DISTANCE BETWEEM THE WIRES-

*D*-C(IN WAVELENGTHS) WHILE KEEPING THE RATIO °D/A°

CONSTANT

LI B AR RO B A I BN IR BE R BN BN BB BN AN BN BN B BN BN 2N BN R IR AN X BN AN BN BN R BN AU SE BN R RENK N IR AR BN AN 2N K2R KR

COMMON KR»AA»MrBRyAR

COMPLEX KR¢KZPsKRFPRES ’

REAL IJOA »IJOD»IJ1A»XJ1DsIVOASIYOD» IYAASIYAD

COMPLEX KRAsKRD s JOA» YOA» JOD» YOD» HOA» HOD» J1A

COMPLEX Y1A»J1iDsyY1D»GR1,GR2,H1ArH1D»F»GRAL »GRA2

COMPLEX KRPA»KRPD

REAL KZ(2)sKyKH

REAL GRAD(2)

REAL OGRGD(2)'CON(2)

DEPARTURE FOINT FOR THE SEARCHING IN THE KZ PLANE

I=1
BR=1.
AR=-2,

START SEARCHING FOR THE ROOTS IN THE KZ PLANE

IF (BR.GT.100) GO TO 8
WRITE (S5.18) I
FORMAT(///+1X+s’THE INDEX OF THE MODE IS ‘+I2+//)
OGRAD(1)=0.
OGRAD(2)=0.
CON(1)=0.50
CON(2)=0.50
N=2
PI=3.1415927
K=2%P]
KH=KX¥2+ARKX2-BRXX2
BZ=SART(0 .Sk (KH+SQRT( (KHXX2+ ( 2XARXBR ) X%2))))
AZ=-ARXBR/BZ
KR=CMPLX (BR»-AR)
KZ(1)>=BZ
KZ(2)=AZ

THE RATIO °*D/A*

M=100

AA=1 /M

WRITE (S5+19) M

FORMAT (1X»’ D/A =916 )
CALL FUNCT(NsKZsVAL»GRAD)
IF(VAL.LT.0.1E-5) GO TO 1
IF (GRAD(1)) 22+27,27

IF (OGRAD(1)) 23,24,24
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24

23

29

31

32
34
33

80

90

[ Ml

CONC1)=CONC1)/2,
KZ(1)=KZ(1)+CON(1)
OGRAD(1)=BRAD(1)

G0 TO 31

IF (OGRAD(1)) 28,29,29
CON(1)=CONC1)/2
KZ(1)=KZ(¢1)-CON(1)
OGRAD(1)=GRAD(1)
CONTINUE

IF (GRAD(2)) 32+37+37
IF (OGRADC2)) 33+34,34
CONC(2)=CON(2) /2,
KRZ(2)=KZ(2)+CON(2)
OGRAD(”)=BRQD(2)

GO TO 3

IF (OGRAD(2)) 28s39»39 °
CON(2)=CON(2)/2
RZ(2)=KZ(2)-CON(2)
OGRAD(2)=GRAD(2}

GO TO 3

CONTINUE

"INITIAL VALUE FOR THE DISTANCE-D

D=0.1

A=D/M

IF(D.GT.5.,00) GO TO &0
EP=+RR/D

AP=+AR/D

KRFE=CMPLX(BFy~-AP)

KRFA=KRFXA

KRFD=KRPXD

K=2%FI

KH=KXX2+AF kX¥2~BPXX2

BZ=SQART (0 . SX (KH+S5QRT ( (KHX%2+ ( 2XAPXBP ) %X%2))))
AZ=—-AFXBF/BZ

KZF=CMPLX(-BZ»AZ)

WRITE (5+80) It

FORMAT(//y1X»’D IS $’9F6.4)
WRITE(S»90) KZF

FORMAT(/»1Xy ‘REAL KZ IS 3’4F9. 47 IMAG KZ IS
CALL CRES1(KRFAsJiA»Y1A)

CALL CRES1(KRPDyJiDyY1DD)
RJ1A=REAL (J1A)

TJ1A=ATMAG(J1A)

RY1D=REAL (Y1)

IY1D=ATIMAGC(YLI)

RJ1D=REAL (J1ID)

IJID=AIMAG(JLII)

RY1D=REAL(YLD)

IY1D=AIMAG(YLD)

H1A=CMPLX (RJLA+IYIA»TJ1A-RY1A)
Hin=CMPLX(RJLD4TIY IOy FTHID-RYID)

THE CONTRIRUTION OF THE LEAKY MODE
TO THE TOTAL CURRENT NORUALIZED TO THE
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CONTRIBUTION OF THE TEM MODE

REG=4,/377,
RES= RESK(0»1)KK/KRF/KZF/(AXH1A+DXH1D)
ARS=CARS (RES)

T=M

RAT:=ARGX377 . XALOG(T) /P1

WRITE(Sy40) ARS

FORMAT(/y1Xr ‘THE CURRENT IS {’/yE15.8)
WRITE(Sr41) RAT

FORMAT(/+1Xs ‘CUR/TEM 18!/ ,E15.8)

CHANGING THE DISTANCE~D

D=0+0,1
GO TO 70
CONTINUE -

CHANGING THE DEPARTURE FOINT IN ORDER TO
START THE SEARCHING FOR THE CONSECUTIVE ROOT

I=1+1
BR=BR+5
GO 70 9
CONTINUE
STOP

END

THE.SUBROUTINE CRESO CALCULATES THE ZERO ORDER BESSEL
FUNCTIONS FOR A GIVEN INFUT VARIABLE Z

SURBRROUTINE CEESO(ZyRS.JOsRSYO)

COMPLEY, Zy»BSJOsRSYOyYsWsPOsFO»CEXP

COMPLEX CCDSDCSIN:CSGRT:CLOGvSPOvSQOvQOvCSvSNpSPIvSGl
PI=3,141593

A=CARS(Z)

BSJO=(1,50.)

IF(AJEQ.0.) GO TO 2

IF(A.GT.3.) 60 TO

Y=ZXZ/9.
BSJ0=1o+Y*(*2oQ499997+Y*(1.2656208+Y*(*03163966
1+YX(.04444794Y%(~,00394444Y%,00021)))))

GO 1O 2

W=3.,/2
FO=.797BB456+W*(“.00000077+U*(—00055274+u‘(*000009512
1+“*(.00137237+N*(~‘00072305+U*.00014476)))))
PO=.78539816+N*(o04166397+u*(000003954+U*(~.00262573
1+WX (. 000541 254+WX (. 00029333 -Wk,00013558)))))
BSJO=FOXCCOS (2-FO0) /CSART(Z)

CONTINUE

BSYO=(~1,E30,0)

IF(A.EQ.0,) GO TO 3

IF(A.GT,3,) GO TOD 4
BSY0=.63661977#CLOG(05*2)*35J0+o36746691+Y*(o60559366
1+Y*(~‘74350334+Y*(025300117+Y*(*004261214+Y*(000427916
2-Y%.00024844)))))
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G0-TO 3

CONTINUE
BSYO=FOXCSIN(Z~P0O)/CBART(2)
CONTINUE .

RETURN

END

THE SUBROUTINE CBES1 CALCULATES THE FIRST ORDER BESSEL
FUNCTIONS FOR A GIVEN INPUT YARIABLE Z

i

I

Gt i

T
Wk

aononon

SUBROUTINE CRES1(ZyBSJ1,RBSY1)
COMPLEX Z»BSJ1yBSY1+YrWsF1»F1CEXP
COMPLEX CCOS»CSQRT»CLOGYCSIN/SP1,SQLvQ1FrCSeEN»SP2,802
Pi=3.,1415%593
A=CABS(Z)
BSJ1=0,
IF(A.ER.0.) GO TO 2
IF(AWGT.3.) GO T0 1
Y=ZRZ2/9
BSJ1=Z%(, 5+Y¥(‘056249935+Y*( 21093573+Y*(‘003954289
1+Y%(.004433194+Y%(~,0003174614+Y%,00001109))))))
GU TO 2
F1=o79789456+u*(000000156+N*(001659667+U*(000017105 E
14+WK (=, 00249511 +WK (. 001134653~Wk.00020033)))))
P1=2,.354619449+WX (-, 12499612+ WX(~,.00005450+Wk (. 00637879
1+WR(~,0007434B+UX (-, 000798244+WX.0002914646)))))
BSJ1=F1XCCOS(Z-F1)/CSART(Z)

2 CONTINUE i

T

s TP 1T ik

PRk

”

o

1

BSY1=(-1.E30,0)
IF(A.EQ.0.) GO TO 3

IFC(A.GT+3,) GO TO 4
BSY1=(~.63661977+Y*(.221"091+Y*(2 1682709+Y%(~1.,3164827

1+4Y%(,31239514Y%(-,04009726+Y%,0027873))))))/Z
2+ .63661977%CLOG(.SXZ)XBSJL

60 TO 3 ;

4 BSY1=F1XCSIN(Z-P1)/CSART(Z) ;

3 CONT INUE ;
RETURN !
END ;

c

c THE SUBROUTINE FUNCT CALCULATES FOR EACH VECTOR KZ

C THE VALUE OF THE FUNCTIONAL WHICH WE TRY

C TO MINIMIZE AND ITS GRADIENT

C

SUBROUTINE FUNCT(NsKZ,VAL,GRAD)

COMMON KRrAArM»BR»yAR

DIMENSION GRAD(2)

REAL KZ(2)rKsKH

REAL IJOA »IJODyIJ1A»IJ1DyIYOAIYOD,IY1AYIYLD
COMPLEX KRyKRAsKRD» JOAY»YOA» JODyYOD»HOAYHODJ1A
COMPLEX Y1A»JiD,yY1DyGR1,GR2sH1AYH1DsFrGRAL1»GRAZ
BZ=KZ (1)

AZ=KZ(2)

PI=3.1415927

K=2%P1I

il b i nae & % i el andt dudbbin i 150 0 a0 e
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KHeKEX2+AZXEX2~-BZX%2

BR=SGRT (0. S5k (KH+SQRT ( (KHRX24 ( 2%AZXBZ)X%2))))
AR=-~AZXBZ/BR

KR=CMPLX (BRy=AR)

KRA=KREAA

KRD=KRAXM

CALL CBESO(KRA».JOA»YOA)

CALL CBESO(KRD»JOD,YOD)

RJOA=REAL ¢ JOA)

1JO0A=AIMAG ¢ JOA)

RYOA=REAL ( YOA)

IYOA=AIMAG(YOA)

RJOD=REAL ¢.JOD)

I1JOD=AL: AG(JOD)

RYOD=RE<: “YOD)

1YOD=AIF 3CYOD) .

3 HOA=CMPLX(RJOA+IYOAs» IJOA-RYOA)

- | . HOD=CMPLX(RJOD+IYOD,y IJOD-RYOD)

F=HOA-HOD

VAL=CABS(F)

VAL=VALXX2

CALL CRES1(KRArJ1AsY1A)

CALL CRES1(KRDyJ1D,Y1D)

RJ1A=REAL (J1A)

I1J1A=AIMAG (J1A)

RY1D=REAL(Y1D)

IY1D=AIMAG(Y1D)

"RJ1D=REAL(J1D)

1J1D=AIMAG(J1D)

RY1D=REALCY1D) E
IY1D=AIMAGCYLD) 3
H1A=CMPLX(RJ1A+IY1A»IJ1A-RY1A) 2
H1D=CMPLX(RJ1D+IY1Dy+IJ1D-RY1D)
GR1=—H1AX(~CMPLX(BZ»~AZ)XAA/KR) b
GR1=GR1-H1DX (~-CMPLX(BZ»-AZ)XAAXM/KR) 3
GR2=GR1%(0.0s~1.0) 3
GRA1=GR1¥CONJG(F)+CONJG(GR1)%F »
GRA2=GR2XCONJIG (F Y+CONJG(GR2) XF 3
GRAD(1)=REAL (GRA1) 3
GRAD(2)=REAL (BRA2) :

RETURN
END
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Output Sample for Program No. 4

D/A = 10

DIS ! .1000

REAL KZ IS ! -12.36%4  IMAG KZ I8

THE CURRENT IS8 ! 0.,13376462E-03
CUR/TEM IS: 0.36961400E~-01

D IS : .2000

REAL KZ IS § ~56.2624 IMAG KZ
THE CURRENT IS § 0,27066794E-03
CUR/TEM IS% 0.74790074E-~01

D IS ¢ .3000 .
REAL KZ IS ¢ -4,2655 IMAG KZ
THE CURRENT IS ! 0.41419069E-03

CUR/TEM I8! 0.11444781E400

D IS ¢ .4000
REAL KZ I8 § ~3.3017  INAG KZ
THE CURRENT 1§ ! 0.56857456E-03
CUR/TEM 18% 0.15710665E+00

D I8 ¢ 45000
REAL. KZ I8 ¢ -2,7687 IMAG KZ
THE CURRENT I8 ! 0.,73941571E~03

CUR/TEM IS8: 0.20431292E+00

D IS ¢ 46000

REAL KZ I8 ¢ -2.4367 IMAG KZ
THE CURRENT I8 ! 0.93456462E-03
CUR/TEM IS: 0.285823583E+00
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Progrnl No. .5

'000.0.000000000000000000090000000000..0000..0'000000....0...

THE PURPOSES ‘OF. THIS PROGRAM ARES

1) TO FIND THE REAL AND. IMAGINARY PARTS OF THE R~DIRECTED

"~ AND Z=DIRECTED WAVE NUMBERS+ASS80CIATED WITH THE HIOHER
ORDER EVEN LEAKY NODES IN THE CASE OF VOLT EXCITATION

: 2) TO CALCULATE THE CONTRI.UTION OF EACH MODE TO THE TOTAL

”THE PROGRAM VARTES THE RATID-'D/A'vUHILE KEEPING

THE DISTANCE BETWEEN THE WIRES-*D® CONSTANT

00QOQOOQOOOOOOQ0'0.00000000000.000000.000000000.00

COMMON KRrAA»MsER: AR

. COMPLEX KRyNZP»KRPyRES

REAL IJOA - vIJODvIJlA-IJleIYOAv!YonvIY!AOIY!D
COMPLEX KRA» KRD» JOAs YOA» JOD» YODy HOA2 HOD» J1A
COMPLEX Y1A»JiD»Y1DsGR1sGR2/H1AsHLD»FrORAL»GRA2
COMPLEX KRPA»KRPD

REAL KZ(2)»KsKH

" . REAL GRAD(2)

REAL OGRAD(2)CON(2)
DEPARTURE POINT FOR THE SEARCHING IN THE KZ PLANE

=1

‘BR=1,
AR=-2,

. START QEQRCHING FOR THE ROOTS IN THE KZ PLANE

IF (BR.GT.100) GO TO 8
WRITE (5,18) I
FORMAT(//7+1X» *THE INDEX OF THE MODE IS *,12+//)

‘THE DISTANCE BETWEEN THE WIRES

D=2,0
WRITE (5v80) ‘D
FORMAT(//7/7/+1%»* D IS ‘sFb.40///)

INITIAL VALUE FOR THE RATIO °"D/A°®

M=10

IF(H.6T7.,1000) GO TO 60
OGRAD(1)=0,
OGRAD(2)=0,
CON(1)=0,.50
CON(2)=0.50

N=2

PI=3,1415927

K=28PI
KH=KX22+ARSE2-BREX2
BZ-SGRT(O.S&(KH+SORT((KH!!Z+(2*AR‘BR)!!2))))
AZ=~ARXBR/BZ
KR=CMPLX(BR»-AR)
KZ(1)=BZ

KZ(2)=AZ

AA=1.,/M4
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WRITE (S)19) W

FORMAT(//91Xs *D/A =*p14)

- CALL FUNCT(NsKZrVALsORAD) '

IFCVAL.LT.0.1E-3) GO 10 1

T IF (GRADC1)) 22427927

IF (OBRADC1)) 23524924
CON(1)=CONC1) 22, -
KZ(1)=KZ(1)+CONCL)
OGRAD(1)=GRAD(1)

GO TO 31 -

IF (QGRAD(1))..28+29,29
CONC1)=CONC1) /2
KZ(1)=KZ(1)-CONC(1)
OGRADC1)=GRAD(1)
CONTINUE

IF (GRAD(2)) 32+37,37
IF (QGRAD(2)) 33,34,34
CONC2)=CON(2) /2,
KZ(2)=KZ(2)+CONC2)
0BRAD(2)=GRAD(2)

G0 TO 3

IF (QGRAD(2)) 38,39,39
CON(2)=CON(2) /2
KZ(2)=KZ(2)~CON(2)
OGRAD(2)=GRAD(2)
GO TO 3

CONTINUE

A=D/M

BP=+BR/D

AP=+AR/D
KRP=CMPLX (BP »~AP)
KRPA=KRPEA
KRPD=KRPXD

K=2%pP I

- KHeKE22+APXR2-BPRE2

BZ=SQRT (0.5 (KH+BORT ¢ (KHER24 (28APEBP ) £82) ) ))

AZ=-APSBP/B2

KZP=CMPLX(-BZ+AZ)
WRITE(S,»90) K2P

FORMAT(/»1Xs ‘REAL KZ IS $‘'yF9.4»’
CALL CBES1(KRPA»J1AsY1A)

CALL CBES1(KRPD»J1iD,Y1D)
RJ1A=REAL (J1A)

IJ1A=AIMAG(J1A)

RY1D=REAL (Y1D)

IY1D=AIMAG(Y1D)

RJ1D=REAL (J1D)

1J1D=ATIMAG(J1D)

RY1D=REAL(Y1D)

IY1D=AIMAG(Y1D)
H1A=CMPLX(RJ1A+IY1As IJ1A-RY1A)
H1D=CHPLX(RJAD+IY1D» +1J1D~RY1D)

THE CONTRIBUTION OF THE LEAKY MODE

TO THE TOTAL CURRENT NORMALIZED TO THE

CONTRIBUTION OF THE TEM NODE
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RES=4,/377.
RES> RES¥(0:1)%K/KRP/KZP/(ARH1A+DENID)

ARS=CABS (RES)
WRITE{S5:,40) ARS :
40 :D:HQT(/O!XD'TNE CURRENT Is $1/9E15.8)
Bt
RAT~ARSXI 77, XALOG(T) /PI
WRITE(S5»47) RAT
4?7 FORMAT(/»1X» ‘THE CUR/TEM IS $‘»E15.8)
c CHANGING THE RATIO *D/A*
C . : i
M=M+1
GO TO 41
40 CONTINUE
c 3
C CHANGING THE DEPARTURE POINT IN ORDER TO : j
.C START THE SEARCHING FOR THE CONSECUTIVE ROOT i
c : E
I=I+1 A E
BR=BR+5 ' S
| sgotoY | N
8 CONTINUE . P
STOP | 4
END | o
c _ :
c THE SUBROUYINE CRESO CALCULATES THE ZERO ORDER BESSEL E“%
C FUNCTIONS FOR A GIVEN INPUT VARIABLE 2 '~§
c o
SURROUTINE CBRESO(ZsBSJOrBSY0) .
COMFLEX Z»RSJO+BSYO»YrWrFO»FOICEXP Lol
COMFLEX CCOSDCSIN'CSQRT'CLOGDSPO!SQODQO!CS'SNOSPI’bCI Co
FI=3.141593 o
A=CABS (Z) o
BSJO=(1.+0.)
IF(AEQ.0.) GO TO 2 3
IF(A.GT.3.) GO TO 1 : : E
Y=ZX2/9. B
BSJO=1.4YXK(-2,2499997+Y%(1.2656208+YX(~,3163864
1+YR (044447947 X (-, 00394444+YX,00021)))))
G0 TO 2
1 W=3./Z

F0=.797884546+Wk (-, 00000077 +WR (-, 0055274+Wk (- . 00009512
140K €. 0013722374+UWX(~.00072805+Wk.00014476)))))
PO=,785398146+WK( 0414439740k (. 00003954+WkK (-, 00262573
140k €. 000541254+WX (. 00029333-Wk,00013558)))))

BSJO=FOXCCOS(Z~-PO)/CSART(Z)

pe CONTINUE

BSYO=(~-1.,E30,0)

IFCAEQ.0.) GO TO 3

IFCAGT.3,) GO TO 4

BSYO0=,63661977XCLOG (. SKZ) KRS IO+ .36746621+ YR (60559364
14YK(-,74350384+Y%X( . 25300117+Y%(~.04261214+Y%(.004279164
2-Y%,000248446)))))

GO TO 3

EErah o sl Tl
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CONTINUE
BSYO=FOXCSIN(Z-PO)/C8ART(2Z)
CONTINUE

RETURN

END

THE SUBROUTINE CBES1 CALCULATES THE FIRST ORDER BESSEL
FUNCTIONS FOR A GIVEN INPUT VARIABLE 2

SUBROUTINE CBES1(Z,BSJ1,BSY1)

COMPLEX Z»BSJ1+BSY1yYsWsP1+F1.CEXP

COMPLEX CCOS»CSORT»CLOG/CSINISP1+801,Q1+2F:C8»8N»8P2,50G2
PI=3,141%93

A=CARS(2)

BEJ1=0.,

IF(A.EQ.0,) GO TO 2

IFCA.GT.3.) GO TO 1

Y=ZRZ/9.

BSJ1=ZR( . S+YX(-. 542499854+ YX( . 21093873+YR(~,03954289
14+Y%(.004433194YX(-.000317614+Y%,000011092)))))

GO TO 2

WN=3,/2
F1=,77788456+Wk (. 00000154+WX( . 01659646 7+Wk(,00017105
14+MR(-, 00249511 +WX (. 00113453 -k, 00020033)))))
P1=2,3561P4474HR (-, 1249961 2+WR (-, 00005650+W%k (. 00437879
1+WR (- . 00074348+W% (-, 00079824 +WX . 000291646)))))
BSJ1=F1ixCCOS(Z-F1)/CSORT(Z)

CONTINUE

BSY1=(-1,E30+0)

IF(A.EQ.0.) GO TO 3

IFC(A.GT.3+) GO TO 4
BSY1=(-,634619774+YX(.22120914+Y%X(2,168B2709+YR(~1.3144827
14Y%K(¢ . 31239514Y% (-, 0400976+Y%,0027873))))))/2
2+.63661977%CLOG( + 5XZ) XBSJ1

GO 170 3

BSY1=F1XCSIN(Z-P1)/CSORT(2)

CONTINUE

RETURN

END

THE SUBROQUTINE FUNCT CALCULATES FOR EACH VECTOR KZ
THE VALUE OF THE FUNCTIONAL WHICH MWE TRY
TO MINIMIZE AND ITS GRADIENT

SUBROUTINE FUNCT(NsKZ,VAL»GRAD)

COMMON KRrAAYMsBRyAR

DIMENSION GRAD(2)

REAL KZ(2)+KsKH

REAL IJOA »IJOD»IJ1A»IUIDyIYOA»IYOD»IY1A»IYID
COMPLEX KRsKRAsKRDyJOAYYOA»JOD»YOD»HOAYHODYJ1A
COMPLEX Y1A»JiD,Y1DsGR1,GR2,H1A»H1D,F»GRAL1»GRA2
BZ=KZ(1)

AZ=KZ(2)

PI=3,1415927

K=2%P1

KH=Kx%2+AZXX2-BZ¥%2
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BR=SGRT (0. SK(KH+SART ( (KHRR2+4 (28AZXBZ) 2%2))))
AR=-AZXBZ/BR

KR=CMPLX(BRs~AR)

KRA=KREAA

KRD=KRAXM

CALL CBESO(KRA»JOA» YOA)

CALL CBES8OCKRD».JOD»YOD)
RJOA=REAL (JOA)

IJOA=AIMAG(JOA)

RYOA=REAL (YOA)

IYOA=AIMAG(YOA)

RJOD=REAL (JOD)

1JOD=AIMAG(JOD)

RYOD=REAL (YOD)

IYOD=AIMAG(YOD)
HOA=CMPLX(RJOA+IYOA» IJOA-RYOA)
HOD=CMPLX(RJOD+1IYOD» XJOD-RYOD)
F=HOA+HOD

VAL=CABS (F)

VAL =VALXR2

CALL CBES1(KRA»J1A»Y1A)

CALL CBES1(KRD»JiD»Y1D)
RJ1A=REALJ1A)

IJ1A=AIMAG(J1A)

RY1D=REAL(Y1D)

IY1D=AIMAGC(Y1D)

RJ1D=REAL (J1D)

IJ1D=AIMAGC(JLID)

RY1D=REAL(Y1D)

IYiD=AIMAG(YLD)
H1A=CNPLX(RJ1A+IY1A»IJ1A-RY1A)
H1D=CMPLX(RJ1D+IY1D»+IJ1D-RY1D)
GR1=-H1AX(~CMPLX(RZ»-AZ)RAA/KR)
GR1=GR1-H1D¥(~CMPLX(BZ,~AZ)XAAXM/KR)
GR22GR1%(0.0+~-1.0)
GRA1=GR1XCONJG (F)+CONJG(GF1)XF
GRA2=GRIXCONJG (F ) +CONJIG(GR2) *F
GRAD(1)=REAL (GRA1)
GRAD(2)=REAL (GRA2)

RETURN

END
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Output Sawple for Program No. 5

D I8 2.0000

b7/a = 10

REAL KZ‘IS t -6.,0948 IMAG K2
THE CURRENT IS ¢ 0,23093203E-02
THE CUR/TEM IS ¢ 0,63810379E+00

b/a = 11

REAL KZ IS ¢ -6.1045 IMAG KZ
THE CURRENT IS & 0.22558292E-02
THE CUR/TEM IS ! 0.564712435E+00

b/A = 12

REAL KZ IS ¢ -4.1111 IMAG KZ
THE CURRENT IS : 0.22111579E-02
THE CUR/TEM IS ! 0.45935864E+00

/a6 = 13

REAL KZ IS ¢! -6.1169 IMAG K2
THE CURRENT IS ¢ 0.21476725E-02
THE CUR/TEM IS ¢ 0.66721214E+00

D/a = 14

REAL KZ IS | ~6.1220 IMAG KZ
THE CURRENT IS ! 0,2130059BE-02
THE CUR/TEM IS ¢ 0.467457789E+00

bsra = 15

REAL KZ IS ¢ ~6.1265 IMAG KZ
THE CURRENT IS ! Q.20939744E-02
THE CUR/TEM IS ¢ 0,68048655E+00
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Program No. 6

LRI A R IR E SRR 2K BE B 3K 2K R 2N BR IR BE B B B R UK NN IR AR B C N N U BN BN B AU BN BN B A BN B A I K IR BN R A B BN R R 4

THE PURPOSES OF THIS PROGRAM ARE! .

1) TO 'FIND THE REAL -AND -IMAGINARY PARTS OF THE R-DIRECTED
AND Z~-DIRECTED WAVE NUMBERS,ASSOCIATED WITH THE HIGHER
ORDER ODD LEAKY MODES IN THE CASE OF VOLT EXCITATION

2) TO CALCULATE THE CONTRIBUTION OF EACH MODE TO THE TOTAL
‘CURRENT.

THE PROGRAM VARIES THE RATIO-"D/A*»WHILE KEEPING

THE DISTANCE BETWEEN THE WIRES-°D* CONSTANT

‘.'..0..000“0“'0..0."0.'..".0'.'0.‘............

COMMON KRsAA'Ms»BRrAR

COMPLEX KRyKZFsKRPyRES

REAL IJCA »IJ0DyIJ1AY»IJIDsIYOArIYOD»IY1A»IYAD

COMPLEX XRAyKRD?» JOA» YOA» JOL» YOD» HOA» HOD s J1A

COMPLEX Y1A»J1D»Y1DsGR1yGR2yH1AH1DsF»BRAL1 yGRAZ

COMPLEX KRPAsSKRPD

REAL KZ(2)sKsKH

REAL GRAD(2)

REAL OGRAD(2)sCON(2)

DEPARTURE POINT FOR THE SEARCHING IN THE KZ PLANE

I=1
BR=1.,
AR=-2,

START SEARCHING FOR THE ROOTS IN THE KZ PLANE

IF (BR.GT.100) GO TN 8
WRITE (Sv1a) 1
FORMAT(///+1Xs*THE INDEX OF THE MODE IS ‘»12+//)

THE DISTANCE BETWFEN THE WIRES

D=2,0
WRITE (5,80) D
FORMAT(////11Xs’ D 18 ‘sFb6.49/7/)

INITIAL VALUE FOR THE RATIO "D/A*

M=10

IF(M.06T.1000) GO TO &0
OGRAD(1)=0,
OGRAD(2)=0,
CON(1)=0.50
CENC(2)=0.50

N=2

PI=3.1415927

K=2%P1
KH=KXX24ARKE2-BREK2

B =SART L0 5K (KH+SART ¢ (KHXX2+ (2KARXBR )Y XX2) ) ))
AZ=-AR%XBK/BZ

KR=CMPLX (BRs—-AR)
KZ(1)=BZ

KZ(2)=AZ

AA=1,/M
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WRITE (5,19) M
FORMAT(//»1X»°D/A =’»14)
CALL FUNCT(N/KZsVALsGRAD)
IF(VAL.LT.0.1E~-5) GO TO 1
IF (GRAD(1)) 22,27,27
IF (OGRAD(1)) 23924924
CON(1)=CON(1,/2.
KZ(1)=KZ(1)+CON(1)
OGRAD(1)=GRAD(1)

GD 70 31

IF (OGRAD(1)) 28,2929
CON(1)=CON(1)/2
KZ(1)=KZ(1)~-CON(1)
OGRAD(1)=GRAD(1)
CONTINUE

IF (GRAD(2)) 32,37+37
IF (CGRAD(2)) 33,34,34
CON(2)=CON(2)/2.
KZ(2)=KZ(2)+CON(2)
OGRAD(2)=GRAD(2)

GO TO 3

IF (OGRAD(2)) 38+»39:39
CON(2)=CON(2)/2
KZ(2)=KZ(2)-CON(2)
OGRAD(2)=GRAD(2)

GO TO 3

CONTINUE

A=D/M

BF=+BR/D

AP=+AR/D
KRP=CMPLX(BP ¢ —-AF)
KRPA=KRF¥A

KRFD=KRPXD

K=2%PI
KH=KX%2+AFPKX2~BF kX2
BZ=SART (0 .Sk (KH+SART ( (nAk X2+ (2KAPXBF ) XX2)) ))
AZ=-AFXRF/BZ

KZF=CMFLX (-BZ»AZ)
WRITE(S+920) KZP
FORMAT(/+1Xs 'REAL KZ IS !/ rFP.4y’ IMAG KZ IS {/sF9.4)
CALL CBES1(KRFArJ1AsY1A)

CALL CBES1(KRFD»J1DsY1D)
RJ1A=REAL (J1A)

IJ1A=AIMAG(J1A)

RY1D=REALCY1D)

IYiD=AIMAG(Y1D)

RJ1D=REAL (J1D)

IJ1D=AIMAG(J1D)

RY1D=REAL(Y1D)

IY1D=AIMAG(Y1D)
H1A=CHFLX(RJ1A+IY1AyIJ1A~RY1A)
H1D=CMPLX(RJ1D+IY1Dy+IJ1D-RYLD)

THE CONTRIBUTION OF THE LEAKY MODE
TO THE TOTAL CURRENT NORMALIZED TO THE
CONTRIBUT™ IN OF THE TEM MODE
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RES=4./377.

RES= RESK(0»1)XK/KRP/KZP/(ASH1A+DSH1D)
ARS=CABS (RES)

WRITE(S,40) ARS § ,
FGRMAT(/»1X» ' THE CURRENT I8 $‘:E15.8)
T=N

RAT=ARSX377.,%ALOG(T) /P

WRITE(S,47) RAT :

FORMAT(/»1X»THE CUR/TEM IS :‘,E15.8)

CHANGING THE RATIO °“D/A°

M=p+1
GO TO 41
CONTINUE

CHANGING THE DEPARTURE POINT IN ORDER TO
START THE SEARCHING FOR THE CONSECUTIVE ROOT

I=I+1
BR=BR+3
GO TO 9
CONTINUE
sSTOP

END

THE SUBROUTINE CBESO CALCULATES THE ZERO ORDER BESSEL
FUNCTIONS FOR A GIVEN INPUT VARIABLE Z

SUBROUTINE CBESO(Z»BSJOyBSYO)

COMPLEX ZsBSJO+BSYOr»YsWrsPOsFO»CEXP

COMFPLEX CCOS»CSINsCSQRT,CLOGSPO»SQO»Q0+CSsSNySFP1,5Q1
FI=3,141593

A=CABS(Z)

BSJO0=(1,90.)

IF(A.EQ.,0,) GO TO 2

IF(A.GT.3.,) GO TO 1

Y=Z%2/9.
BSJ0=1,4+YXK(~2.24999974+Y%(1,26546208+Y%(—-.3163866
14YX(,04444794YXK(~,00394444Y%,00021)))))

6o 10 2

W=3./Z

FO=,797884546+Wk (~,00000077+UWXx(~,0055274+UWk (~.00009512
14WK( . 001372374+WX(~.000728054+Wk.00014476)))))
FO=,785398164WX(,.04166397+WX(,00003954+Wk(~,.00262573
1+WX (. 000541254UW%( . 00029333-WX,.00013558)))))
BR8J0=FOXCCOS(Z-F0)/CSART(Z)

CONTINUE

BSYO=(~1.E30,0)

IF(A.EQ.O0.) GO TO 3

IF¢(A.GT.3.,) GO TO 4
BEYO=,63661977KCLOG( . SKZ)XKBSJI0+.34674646P1+YX(, 60559366
14Y%(-,74350384+Y%( 2530011 74YK(~,042612144+Y% (. 00427915
2-Y%.,000248446)1))))

GO TO 3
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CONTINUE
BSYO=FO!CSIN(Z*PO)/CSGRT(Z)
CONTINUE

RETURN

END

THE SUBROUTINE CBES1 CALCULATES THE FIRST ORDER BESSEL
FUNCTIONS FOR A GIVEN INPUT VARIABLE 2

SUBROUTINE CBES1(ZsBSJ1,BSY1)

COMPLEX Z»BSJ1sBSY1sYsWsP1sF1sCEXP

COMPLEX CCOS»CSORT»CLOGsCSINySP1sSQ1s01¢F»CSsSNySP2,502
P1=3.,141593

A=CABS (Z)

BSJ1=0.,

IFC(A.EQ.0.) GO TO 2

IF(A.GT.3.) GO TO 1

Y=Z%2/9.

BSJ1=ZR (. S+YR(~,56249985+YK( . 21093573+ Y%(~, 03954289
14Y%(, 004433194 YX(-,00031761+Y%,000021109))))))

60 TO 2

W=3./2
Fi=.,797688456+WK(.00000156+Wk(.016596467+WR( . 00017105
140K (-, 00249511 +WE (. 00113653-WK.00020033)))))
F1=2,35619449+KX(~ 12499612+ WK(~ . 00005650+Wk ( , 00637879
14U (-, 00074348+ Wk (-, 00079824+ Wk . 00029166)))))
BSJ1=F1%CCOS(Z~P1)/CSART(Z)

CONTINUE

BSY1=(~1,E30+0)

IF(A.EQ.0.) GO TO 3

IF(A.GT.3.) GO TO 4

BSY1=(-,636619774Y%( 2212091 4Y%(2,16827094 YK (~1,3164827
14YK( ;3123951 4+YX(~,0400976+YX.0027873))))))/Z
24.63661977%CLOG (. SXZ)XBSJY

60 TO 3

BSY1=F1¥CSIN(Z-P1)/CSORT(Z)

CONTINUE

RETURN

END

THE SUBROUTINE FUNCT CALCULATES FOR EACH VECTOR KZ
THE VALUE OF THE FUNCTIONAL WHICH WE TRY
TO MINIMIZE AND ITS GRADIENT

SUBROUTINE FUNCT(NsKZ,»VAL»GRAD)

COMMON KRyAAYM»BRyAR

DIMENSION GRADRC2)

REAL KZ(2)sKsKHM

REAL IJOA »IJODyIJ1A»IJIDyIYOA»IYOD,IY1A»IYLD
COMFLEX KR*KRAYKRDyJOArYOA» JOL'y YODsHOAYHODYy J1A
COMFLEX Y1A»J1iDsY1DsGR1/GR2'H1AsHIDFyGRALyGRAZ2
BZ=KZ(1)

AZ=KZ(2)

PI=3.1415927

K=2%FI

KH=KXX2+AZXXK2-BZXkR2
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BR=BORT (0 . S8 (KHHSORT ¢ (KHEB2+ (28AZXB2Z) £%2))))

AR=-AZ¥BZ/BR

KR=CMPLX (BRv~AR)

KRAZKRXAA .

KRD=KRA%XM _

CALL CBESO(KRA»JOAsYOA)

CALL CBESO(KRD»JOD»YOD)
RJOA=REAL ( JOA) -

1JOA=ATMAG (JOA)

RYOA=REAL ( YOA)

IYOA=AIMAG(YOA)

RJOD=REAL. ( JOD)

1JOD=AIMAG (JOD)

RYOD=REAL ( YOD)

IYOD=AIMAG(YOD)

HOA=CMPLX (RJOA+IYOAy IJOA~RYOA)
HOD=CMPLX (RJOD+IY0ODs I JOD~RYOD)
F=HOA~HOD

VAL=CABS (F)

VAL=VALRK2

CALL CBES1(KRAsJ1A;Y1A)

CALL CBES1(KRD»J1DyY1D)
RJ1A=REAL (J1A)

IJ1A=AIMAG(J1A)

RY1D=REAL (Y1D)

IY1D=AIMAG(Y1D)

RJ1D=REAL (J1D)

1J1D=AIMAG(J1D)

RY1D=REAL (Y1D)

1Y1D=AIMAG(Y1D)

H1A=CMPLX (RJ1A+IY1As IJ1A-RY1A)
H1D=CHPLX (RJ1D+IY1Ds+1J1D-RY1D)
GR1=-H1AX (~CMPLX (BZs~AZ ) XAA/KR)
GR1=GR1-H1Dk(~CMPLX(BZy-AZ) XAAKM/KR)
GR2=GR1%(0,0»~1,0)
GRA1=GR1XCONJG(F ) +CONJG (GR1 ) ¥F
GRA2=GR2XCONJG (F ) +CONJG ( GR2) XF
GRAD(1)=REAL (GRA1)
GRAD(2)=REAL (GRA2)

RETURN

END
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Output Sample for Program No. 6

D IS 2.0000

n/a = 10

REAL KZ IS ¢ -U.3197 IMAG KZ IS ¢ 0.3963
THE CURRENT IS : 0.,17374%00E-02
THE CUR/TEM IS ¢ 0.48009754E+00

L D/a = 11
ﬁ REAL KZ IS ¢ ~5.3473 IMAG KZ IS

o

0.3998
THE CURRENT IS ! 0.14872877E~02

THE CUR/TEM IS ! 0.48552414E+00

b/a = 12

2]

REAL KZ IS ¢ ~5.3704 IMAG KZ IS 0.4036

THE CURRENT IS ! 0.163984675E-02
THE CUR/TEM IS ! 0.48900164E+00

n/Aa = 13

REAL KZ I5 ¢ ~5.3899 IMAG KZ IS 0.4071 y

THE CURRENT IS ¢! 0.15975309E-02

THE CUR/TEM IS ! 0.49172189E+00

D/a = 14
REAL KZ IS ¢ -5,4066 IMAG KZ IS

>0

0.4106 §
THE CURRENT IS { 0.15589255E-02 '
THE CUR/TEM IS ! 0.,49370289E+00

D/A = 15 i
REAL KZ IS ¢ ~5,4212 IMAG KZ IS ¢ 0.4135
THE CURRENT IS ¢ 0,15255773E-02 d
THE CUR/TEM IS ¢ 0.4957724SE+00 ;

80 Ik




References

[1] S. A. Schelkunoff, Electromagnetic Waves, D. Van Nostrand, New York,
1943,
[2] L. Marin, "Transient Electromagnetic Properties of Two Parallel
Wires," Sensor and Simulation Note 173, Dikewood Corporation,
Westwood Research Branch, Los Angeles, March 1973.
[3] R. F. Harrington, Field Computation by Moment Methods, Macmillan Co.,
New YOrk 1968.
[4] R. F. Harrington, Time-Harmonic Electromagnetic Fields, McGraw-Hill,
1 New York, 1961, p. 244.
‘, (5]

R. F. Harrington, Time-Harmonic Electromagnetic Fields, McGraw-Hill,
New York 1961, p. 234.

NN}

[6] Rushdi et al., "Leaky Modes in Parallel Plate EMP Simulators,"

IEEE Trans. Electromagnetic Compatibility, vol. EMC 20, August 1978,
pp. 443-451,

7 r e ST T O 3
L i sk ""“"f‘fi."”" :’::’:_ e T

i

[71 N. Marcuvitz, "On Field Representations in Terms of Leaky Modes

1
; or Eigenmodes,' IEEE Trans. on Antennas and Propagation, vol. AP-4
i 1956, pp. 192-194,

[8] K. S. Kunz, "Asymptotic Behavior of the Current on an Infinite
Cylindrical Antenna,'" Jourmal of Research of the National Bureau
of Standards, vol. 67D, July-August 19563, pp. 417-431.

[9] S. A. Schelkunoff and H. T. Friis, Antennas:

Theory and Practice,
John Wiley & Sons, Inc., N.Y. 1952, p. 109.

et e Mt 0 st i S TR

:
b

3]

81




